INTRODUCTION
complexes. 2 One of the major objectives is to increase the aqueous solubility of complexes containing hydrophobic diphosphine ligands, and in this paper we use thiolate amino acid derivatives for this purpose.
The formation of Pd(ll) complexes with amino acids and peptides has been reviewed by Pettit and Bezer. 3 There have been few studies on the formation of Pd(ll) complexes with glutathione (7-L-Glu-L-Cys-Gly), ,4,5 although there are some reports of 1H NMR studies on binding of GSH to other metals, eg Me3Pb,6 mixed ligand complexes of Cd(II)(NTA), 7 and gold (I) drugs.
Rabensein and coworkers have carried out 1H and 13C NMR spectroscopic sudies on the binding , formation constants, and ligand exchange reactions of MeHg(ll)-thiol complexes with thiols such as glutathione, cysteine. There are no X-ray structures of metal GSH complexes, however a dimeric Cu(ll) complex of GSSG has been crystallogmphically characterised. 12 The solid state structure of the complex of Pd(ll) with S-methyI-L-cysteine has been reported. The geometry about the metal is square planar with S, N coordination as has been found for Pd complexes of S-methyI-L-cysteine sulphoxide TM and S-methyI-L-cysteine methyl ester. 15 We report here the preparation and characterization of novel mixed ligand Pd(ll) Pd(ll) complexes are much more kinetically labile than those of Pt(ll) and therefore less likely to arrive at the target site (e.g. DNA) with the original ligands still bound. However in the present case intracellular ligand release might still result in activity since the ligands dppe and dadpe are themselves cytotoxic. 2 The main aim of the present work was to increase the aqueous solubility of Pd(ll) complexes containing these hydmphobic ligands whilst retaining their cytotoxicity. [Pd(dppe) (Cys-S,N) ]. At high pH*, the spectrum of 2 showed of Thiolate Amino Acids and Gluthathione two resonances at 64.3 and 58.0 ppm. Since them is only one P atom in the dadpe ligand, these are assigned to two isomeric species, the latter to a P trans to S by analogy with [Pd(dadpe)(dmsa)] (57.3 ppm)2, and the former to the predominant isomer containing P trans to N or CI. At low pH* a third peak is present assignable to a species containing bridging S, and the intensity of the peak for the major isomer increased by a factor of ca. 4.
A pure product was not isolated from the reaction of [Pd(dppe) 1H NMR data for complexes 1 and 3 are listed in Table 3 . For complex 1 at low pH* there are resonances at 4.22 and 2.94 ppm due to the z-CH and -CH 2 of coordinated Cys. At neutral pH, these are less shifted with respect to unbound Cys, in particular that of the -CH, suggesting that either the carboxylate or the amino group is uncoordinated and protonates at low pH. At both pH values, the 1H NMR spectra showed minor signals characteristic of cystine and free Cys which shifted slightly downfield as the pH* was increased. The spectra at low pH* also showed four multiplets at 7.88-7.57 ppm due to the C6H5 protons of dppe, and a broad multiplet at 2.718 p.p.m, due to the CH 2 protons of dppe. At higher pH* the Ph resonances were unchanged and the CH 2 protons gave rise to three multiplets. The spectrum of 3 at low pH* showed a quartet assignable to Gly-(z-CH 2 protons and a doublet of doublets due to Glu-0CH; these [Pd(L-L') The compounds had a relatively low toxicity against the murine cell-lines, Figure 1A, of Thiolate Amino Acids and Gluthathione complexes 3 and 4 and S-bridged complexes appeared to predominate in aqueous solution, but complicated equilibria were also detected with evidence for exchange between various coordination sites. Complexes with moderate cytotoxicity such as those described here, if they are also active in vivo, could be useful in combination therapy with established drugs such as cisplatin since they are likely to have a different mechanism of action.
